Circumstances in which serotonin (5-HT) and noradrenaline (NA) are altered, such as in anxiety or depression, are associated with taste disturbances, indicating the importance of these transmitters in the determination of taste thresholds in health and disease. In this study, we show for the first time that human taste thresholds are plastic and are lowered by modulation of systemic monoamines. Measurement of taste function in healthy humans before and after a 5-HT reuptake inhibitor, NA reuptake inhibitor, or placebo showed that enhancing 5-HT significantly reduced the sucrose taste threshold by 27% and the quinine taste threshold by 53%. In contrast, enhancing NA significantly reduced bitter taste threshold by 39% and sour threshold by 22%. In addition, the anxiety level was positively correlated with bitter and salt taste thresholds. We show that 5-HT and NA participate in setting taste thresholds, that human taste in normal healthy subjects is plastic, and that modulation of these neurotransmitters has distinct effects on different taste modalities. We present a model to explain these findings. In addition, we show that the general anxiety level is directly related to taste perception, suggesting that altered taste and appetite seen in affective disorders may reflect an actual change in the gustatory system.
Introduction
Taste is an important protective sense, evolved to drive food intake and aid in the avoidance of poison. The principal determinants of taste threshold are genetic, and taste thresholds do not vary considerably from day to day. This has lead to the concept of "non-tasters" and "supertasters" (Bartoshuk, 2000) , in which the taste threshold is linked to the haplotype of specific receptors (Kim et al., 2004) . Recent observation of environmental modulation or plasticity within the human taste system are therefore surprising (Kobayashi and Kennedy, 2002; Kobayashi et al., 2006) because this was thought to not occur.
Conversely, in pathology, taste thresholds are frequently altered, although these symptoms are not often investigated (Miller and Naylor, 1989) . Altered taste has been reported in depression and anxiety, but there has been little investigation of the chemosensory deficit, which seems surprising given the potential impact on quality of life (Miller and Naylor, 1989) . Severely depressed patients have decreased sensitivity to all tastes, especially sweet (Steiner et al., 1969) , which normalizes on recovery, and they also report lower-intensity responses to suprathreshold stimuli (Amsterdam et al., 1987) . In panic disorder patients, there is reduced quinine sensitivity (DeMet et al., 1989) , whereas induced stress in normal individuals increases sensitivity to the bitter taste of saccharin (Dess and Edelheit, 1998) .
The "monoamine theory of depression" suggests that depression is a consequence of diminished circulating monoamine concentrations and hence neurotransmission of noradrenaline (NA), dopamine, and serotonin (5-HT), and/or a reduction in the sensitivity of their receptors (Hirschfeld, 2000) . Many antidepressants modulate monoamine function, and their use is associated with dysgeusia (Deems et al., 1991; Schiffman et al., 2000) . This modulation of monoamine function may have an impact on taste perception, and this may be the basis for altered taste in affective disorders. The strongest evidence for an involvement of 5-HT and NA in taste signaling is at the level of the taste bud: taste cells from many species express 5-HT (Nada and Hirata, 1975; Kim and Roper, 1995; Clapp et al., 2004) , its synthetic enzymes (DeFazio et al., 2006) , and its receptors (Delay et al., 1997) , and both take up 5-HT (Nagai et al., 1998) and release it in response to stimulation with tastants (Huang et al., 2005) . 5-HT and NA affect taste cell excitability by altering ion channel function (Herness and Chen, 1997; Herness and Chen, 2000; Herness et al., 2002) . 5-HT modulates responses in primary gustatory neurons (Esakov et al., 1983) , possibly through 5-HT 3 receptors (Zhong et al., 1999; Wang et al., 2002) . Evidence for 5-HT and NA signaling in higher centers is less strong, but serotonergic neurotransmission has been identified in the gustatory nucleus of the solitary tract and thalamus (Thor et al., 1988; Lavoie and Parent, 1991) .
We have investigated plasticity in the normal human taste system by modulating systemic monoamines using acute doses of specific monoamine reuptake inhibitors and the possible link between mood, 5-HT and NA, and taste.
Materials and Methods
Twenty healthy Caucasians (12 males, 8 females), 19 -47 years of age, were recruited for this study. One subject only completed part of the study because of personal time constraints. All subjects gave informed consent, and protocols were approved by the University of Bath Local Ethics Committee. Subjects were asked to refrain from consuming alcohol the day before testing, caffeine on the day of testing, and food during the experimentation period. Criteria for inclusion in the study were that subjects were medically fit, have no previous history of depression or anxiety, and were not users of psychotropic medication, either prescribed or recreational. Subjects were excluded if their caffeine and alcohol consumption exceeded six strong cups per day or Ͼ30 -50 units per week (female/male), respectively, or if they were smokers, because smoking alters taste perception (Sato et al., 2002) .
Protocols for each taste test. At each visit, the subjects completed the Spielberger State and Trait (Spielberger et al., 1983) and Beck Depression Inventories (Beck et al., 1961) before testing began. Taste responses to sweet, salt, bitter, and sour stimuli were then determined. Subjects were informed of which taste modality (sweet, bitter, salt, or sour) they were receiving but were given no indication of whether the tester thought they would be able to recognize the taste or not. Low concentrations of one tastant may be misidentified as another (Pilkova et al., 1991) ; to avoid this potential confounding effect, subjects were informed as to the taste stimulus. In addition, detection thresholds (i.e., the ability to detect the presence of a tastant, rather than what the taste is), although often lower than recognition thresholds, are also more variable between subjects (Gomez et al., 2004) . Tastants were applied in solution to the tip of the tongue, using a cotton bud saturated with the solution at room temperature, and placed on the tongue for ϳ5 s (Prutkin et al., 1999) . Without closing their mouths, the subjects were asked to indicate whether or not they could taste the stimulus at that concentration. Between each stimulus application, a 20 s interstimulus interval was adhered to, during which time the subjects would rinse their mouths with ϳ25 ml of deionized water. Each concentration of stimulus was presented to the subject five times in total, and the percentage of positive responses at each concentration could therefore be determined. Subjects were first presented with a solution that should be above threshold; thereafter, stimuli were presented in a pseudorandom order in concentrations representing 1 ⁄4 log steps between the lowest (undetectable, 0% detection) and the highest (always detectable, 100% detection) concentrations, with each concentration being presented five times. This protocol was adopted to minimize both adaptation to the stimulus and guessing by the subject. The range of concentrations varied for different modalities as follows: sweet (300 mM to 300 M sucrose), bitter (300 -0.3 M quinine hydrochloride), salt (100 -0.2 mM NaCl), and sour (100 -0.56 mM HCl). Solutions were prepared shortly before testing and kept refrigerated at 4°C between trials.
Over three visits, psychophysical taste functions were determined before and 2 h after administration of a 5-HT-specific reuptake inhibitor (SSRI; 20 mg of paroxetine), an NA reuptake inhibitor (NARI; 4 mg of reboxetine), or an inactive placebo (lactose). Drug administration was randomized and was double blind with respect to the active drugs and single blind for the placebo arm. Measurements of alertness, sleepiness, nausea, and anxiety were taken before and after each taste determination using 1-100 visual analog scales (VASs).
Taste psychometric functions based on percentage of positive taste recognition against log solute concentration were generated for each individual at each visit (see Fig. 4 ) to determine individual response to drug intervention. Taste psychometric functions before and after drug administration were also determined for the entire group of 20 subjects. From these curves, taste recognition thresholds (the concentration at which the subject would recognize the taste 50% of the time) were calculated before and after each treatment to determine the degree of change in taste recognition that occurred.
Statistical analysis. The percentage of positive results for all of the subjects was plotted against the log concentrations of the taste solutions before and after drug and placebo treatments. All statistical comparisons were performed using GraphPad Prism version 4 (GraphPad Software, San Diego, CA). Standard sigmoidal stimulus-response curves of percentage of correct taste identification versus log 10 tastant concentration (molar) were used to compare sensory thresholds (defined as the concentration at which the taste could be recognized 50% of the time) to internal baseline (predrug) values using an F test. The correlation between the subjects' anxiety and depression levels and both baseline taste thresholds and the change in taste recognition threshold after drug were determined using a Spearman's correlation analysis. Median split data were compared using a Mann-Whitney U test, and comparisons of VAS scores of different tastes before and after drug were performed using a Wilcoxon signed rank test.
Results

Effects of monoamine manipulation on taste perception
Consistent with the presence of 5-HT in taste buds and throughout the gustatory system, administration of an acute dose of paroxetine (an SSRI) significantly modulated human taste perception. Paroxetine (modulation of 5-HT) increased both sweet and bitter taste sensitivity, reducing taste thresholds by 27 and 53%, respectively ( Fig. 1 , Table 1 ). There was no significant effect on either sour or salt taste sensitivity (Fig. 1) . The slopes of the curves, indicating the range of concentrations over which subjects could detect a change in the concentration of tastant in the solutions (taste acuity), were unaffected by 5-HT modulation (Table 2) . Quinine can be transduced through both a receptor/ phospholipase C␤ (PLC␤) pathway common to sweet, bitter, and umami taste (described below) and, at high concentrations, through a PLC-independent pathway (Dotson et al., 2005) . In two subjects, therefore, the effect of paroxetine on propylthioura- cil (PROP) taste was also examined. Paroxetine caused a dramatic shift in PROP threshold in one of these individuals (subject 1, 1234 M) with no effect on salt taste (25324 mM). The second individual showed a much smaller drop in PROP threshold (subject 2, 36329 M), but interestingly, additional analysis of the data obtained with quinine showed that subject 2 had little change in threshold to quinine taste after paroxetine (23324 M), whereas subject 1, as with PROP, had lowered quinine thresholds (210387 M) after paroxetine. This indicates that, although there is some variation in response among individuals (see Fig. 4C ), modulation of bitter taste by 5-HT is consistent across individuals, regardless of the taste stimulus used. In both subjects, PROP thresholds were not different 24 h after paroxetine compared with those before drug administration.
There was some variation in baseline taste recognition thresholds between test sessions (Table 1) . We always included a baseline threshold test with each drug to control for this potential variation in threshold between days. We have no explanation for the variation in baselines observed; it is possible that this observation is attributable to some environmental influence on taste. Placebo had no significant effect on either detection thresholds or acuity for any taste modality when compared with these measures before placebo (Fig. 2 , Table 2 ).
Enhancement of NA levels also increased taste sensitivity, but in the case of this manipulation, the effect was seen as a lowering of taste thresholds to bitter (by 39%) and sour (by 22%) tastes. The effect on sour taste was much less pronounced than that on bitter taste (Fig. 3 , Table 1 ). Again, there was no significant effect of NARI administration on taste acuity. There was also no significant effect of NARI administration on either sweet or salt taste. In fact, it is worth noting that there were no effects of any drug on salt taste (Figs. 1-3 ), enabling salt taste to be used as a robust internal control for the reproducibility of our data within and between test visits.
One powerful, serendipitous finding of this study was that we could study the effect of manipulation of monoamine neurotransmitters in an individual subject. Baseline psychophysical functions could be plotted and compared for each individual for each taste (Fig. 4 A) and show robust changes in taste thresholds in response to monoamine manipulation (Fig. 4C) . As with the The value represents the increase in identification (percentage correct response) per millimolar change in concentration. Data shown are means (95% confidence intervals). There were no statistical differences. group data, individuals showed little change in salt taste even when other tastes varied enormously with the same treatment (Fig. 4 B, D) . There were no significant effects of the drugs on subjects' feelings of alertness, sleepiness, nausea, or anxiety either before, during, or after any of the tests (data not shown). Thus, bitter taste sensitivity was increased by enhancement of both 5-HT and NA, sweet taste sensitivity was only increased by 5-HT, and sour taste was only increased by NA enhancement. This indicates that normal levels of these neurotransmitters determine normal taste thresholds and enhancement increases taste sensitivity in a taste-modality-specific manner.
A peripheral model for SSRI/NARI modulation of taste Our finding that manipulation of 5-HT principally affected sweet and bitter tastes, which share a common transduction cascade (Zhang et al., 2003) , led us to postulate a mechanism through which modulation of taste could occur. A model of serotonergic transmission in taste buds has been recently formulated and presented by Huang and Roper and their colleagues (Y. J. Roper, 2006) . This model (points 1-3 below), along with our modifications (points 4 and 5), is summarized in Figure 7 and explained below (numbers refer to the encircled numbers in Fig. 7) .
(1) Activation of specific G-proteincoupled receptors at the apical membrane of receptor cells activates a common signal transduction pathway (Zhang et al., 2003) , consisting of activation of PLC␤ 2 through the ␣-gustducin-associated ␤/␥ subunits G 3 /G 13 and Ca 2ϩ release from Ca 2ϩ stores through the inositol triphosphate receptor 3 (Perez et al., 2003) . Increased intracellular calcium activates the store-operated taste cell-specific TrpM5 receptor (Perez et al., 2002) . The receptor cells that transduce taste signals through the PLC␤ 2 pathway are a different subset of taste cells from those with synaptic machinery, and it is thought unlikely that they communicate directly with gustatory afferents (Clapp et al., 2006; DeFazio et al., 2006) .
(2) The increase in intracellular Ca 2ϩ concentration stimulates the release of ATP (Y. J. , a neurotransmitter that has been proposed to be fundamental to bitter taste transmission (Finger et al., 2005) . ATP may activate P2X 2 or P2X 3 receptors on gustatory-free nerve endings in the taste bud (Herness and Chen, 1997; Bo et al., 1999; Finger et al., 2005) . ATP can also activate purinoceptors expressed on presynaptic cells (trapezoid on presynaptic cell); these are proposed to be P2Y intracellular stores and a subsequent release of 5-HT and/or NA from presynaptic cells (Y. J. Roper, 2006) . It is known that 5-HT release from taste buds is not dependent on calcium influx but on store release (Huang et al., 2005) . (4) We propose a serotonergic feedback from presynaptic to receptor cells where 5-HT acts via 5-HT 1A receptors (Delay et al., 1997; Herness and Chen, 1997; Herness and Chen, 2000; Kaya et al., 2004) to modulate bitter and sweet signaling. In some amphibian taste cells, activation of 5-HT 1A receptors is known to increase intracellular calcium levels (Delay et al., 1997) , and 5-HT 1A receptors have been shown to affect intracellular calcium in other cell types (Raymond et al., 1992; Khan et al., 1995) . 5-HT 1A receptors are expressed on a different cell population in the taste bud than 5-HT (Kaya et al., 2004) , and 5-HT release occurs from presynaptic and not receptor cells (Y. J. . However, it should also be kept in mind that 5-HT is known to exert many of its effects on the CNS through volume transmission (Verge and Calas, 2000) rather than at synapses, and it is possible that 5-HT may also affect gustatory afferents acting in this manner in the taste bud, as depicted in Figure 7 (filled circles).
(5) Inhibition of 5-HT transporters found on receptor or presynaptic cells (Ren et al., 1999) by SSRI administration (Nagai et al., 1998) would enhance paracrine signaling through 5-HT, resulting in acute changes in taste thresholds to bitter and sweet substances, as we found. This could also possibly explain the taste disturbances (dysgeusia) reported by patients receiving SSRI treatment (Deems et al., 1991) .
The relationship between taste and mood
All subjects fell within the clinically defined healthy range for scores on the Spielberger State and Trait and Beck's Inventory questionnaires (range: Beck's Inventory, Spielberger State, Spielberger Trait, , although some subjects did have anxiety scores that were on the high end of the normal range (Ͼ40). The Spielberger minimum score is 20, and the maximum score is 80.
To determine whether there was a relationship between mood and taste sensitivity, we determined the correlation between the baseline (before drug) taste thresholds for each subject and their anxiety and depression scores. We found a significant positive correlation was found between Spielberger Trait scores (representing general anxiety levels) and both bitter and salt taste thresholds (Fig.   5) . In other words, in the most anxious people, taste sensations appear to be blunted (taste thresholds are higher). There was no clear relationship between the sweet and sour taste thresholds and either State (anxiety now) or Trait anxiety level. Scores on the Beck's depression questionnaires were all very low, and it was therefore impossible to determine whether there was a relationship between depression and taste in this group. The median value for Spielberger Trait score was 25, and data were split into those above and below this value for comparison. There was a significant difference between the median split groups for bitter threshold (A; 20 -25, 26 Ϯ 7 M; Ͼ25, 95 Ϯ 18 M; p Ͻ 0.005) and salt threshold (B; 20 -25, 19 Ϯ 3.5 mM; Ͼ25, 34 Ϯ 8 mM; p Ͻ 0.05), whereas there was no significant difference in sweet threshold (C; 20 -25, 30 Ϯ 7 mM; Ͼ25, 55 Ϯ 17 mM) or sour threshold (D; 20 -25, 11 Ϯ 3 mM; Ͼ25, 18 Ϯ 6 mM).
Because this relationship suggested that our most anxious volunteers did have different taste thresholds than other subjects in the study, we performed a median split on our data to compare our "anxious" and "non-anxious" subjects' taste thresholds. As seen with the correlations, the "most anxious" subjects had significantly higher bitter and salt taste recognition thresholds than non-anxious subjects (Fig. 6 ).
Discussion
Our data show that the taste system is plastic to an extent not previously thought and that 5-HT and NA levels are key in the setting of normal taste thresholds. Disturbance of these transmitters by reuptake inhibition, or in altered mood states in which 5-HT and/or NA may be lowered, alters taste perception. We hypothesized that this would be the case, based on the observations of disturbances of taste both in mood disorder and during antidepressant use. However, there are additional implications of our findings with respect to our understanding of taste transduction and transmission.
Recent observations by two different groups show that there are two distinct populations of cells in circumvallate taste buds, or "receptor cells," that contain the transduction apparatus for sweet, bitter, and umami tastes and "presynaptic cells" that form synapses with gustatory afferents (Clapp et al., 2006; DeFazio et al., 2006) . The receptor cells show increases in intracellular calcium in response to tastants. The presynaptic cells do not respond to tastants, but they release 5-HT in response to KCl depolarization (Y. J. .
The effect of SSRI is similar on bitter and sweet tastes, both of which are transduced through a common pathway in receptor cells, and we therefore hypothesize that the effect of 5-HT manipulation on taste occurs at the level of the taste receptor cells rather than in higher centers. Pharmacokinetic study of SSRIs and NARIs show that peak drug plasma concentrations occur at 1-2 h (Finley, 1994; Hendershot et al., 2001) , whereas peak CNS effects, such as sleep disturbance or motor effects, occur 6 -8 h after administration (Saletu et al., 1991; Hindmarch, 1997; Loubinoux et al., 2002) . This suggests that at 2 h, plasma drug levels are much greater than brain drug levels and peripheral effects may be more pronounced than central effects. We cannot, however, rule out the possibility of the latter contributing to our findings.
5-HT, NA, and taste
A large body of evidence suggests that 5-HT is used as a neurotransmitter in the taste bud to modulate cellular responses to tastant stimulation even before transmission to the primary afferent gustatory neurons (Herness et al., 2005) . In addition to the localization of 5-HT and its synthetic enzymes, transporters, and receptors in taste cells (Kim and Roper, 1995; Delay et al., 1997; Ren et al., 1999; DeFazio et al., 2006) and its release on stimulation of taste cells (Huang et al., 2005) , functional work using zinc-deficient mice (which inhibits the formation of 5-HT in taste cells) showed that the animals had decreased sensitivity to bitter tastes (Kondo et al., 1987) . This suggests that 5-HT signaling in taste buds is fundamental to normal taste. We have therefore suggested a possible mechanism of serotonergic signaling in the taste bud, based on literature data and our findings, which is summarized in Figure 7 . Clearly, this hypothesis requires testing to determine how 5-HT or NA receptor activation could potentially modulate the transduction of sweet and bitter tastes.
Separate populations of receptor cells are thought to transduce sweet, bitter, and umami tastes, and these are different again from cells that transduce salt and sour tastes (A. L. , which are most likely presynaptic cells (DeFazio et al., 2006) . With reference to our model, the lack of effect of SSRIs on salt and sour taste is consistent with 5-HT being released by presynaptic cells only on activation through receptor cells and not by direct sour or salt stimulation of presynaptic cells.
Exogenous NA also modulates taste cell ion channel function and signaling (Herness et al., 2002) and can affect responses in gustatory afferent nerves (Morimoto and Sato, 1982) . It is possible that NARI administration could affect taste in a similar manner to that outlined in our model for 5-HT, because NA and its cognate receptors are also found in mammalian taste cells (Herness et al., 2002) . There is less evidence supporting a role for NA in signaling within the taste bud than for 5-HT, but it is clear that taste cells do respond to both ␣-and ␤-adrenoceptor agonists and that NA released within taste buds can modulate taste cell signaling (Herness et al., 2002) . Thus, NA could act as a transmitter or modulator of the effect of other transmitters at the gustatory afferent (Fig. 7 and see below) and may be the principle transmitter released from presynaptic cells in response to sour stimulation because only NARI had an effect on this modality.
We find that 5-HT manipulation modulates taste in humans. Finger et al. (2005) , in contrast, showed that knock-out of 5-HT 3 receptors found on gustatory afferents had no effect on taste Roper, 2006) , and is fully explained in the text. Receptor cells, which contain the necessary molecules for the transduction of sweet, bitter, and umami tastes, are a separate population from the cells that form synapses with gustatory afferents (presynaptic cells) (Clapp et al., 2006; DeFazio et al., 2006) . After transduction of a taste stimulus (➀), taste cells release ATP (➁, open circles). ATP could directly activate gustatory afferents that are known to express ionotropic purinoreceptors but can also activate purinoceptors on presynaptic cells (trapezoid). This results in release of Ca 2ϩ from intracellular stores in presynaptic cells and a subsequent release of 5-HT from presynaptic cells (➂, filled circles). We propose an additional possible role of 5-HT. When released from presynaptic cells, 5-HT may also act back through volume transmission on taste cells, and/or gustatory afferents to activate 5-HT receptors (➃, shaded diamond) and modulate the response to tastants in the taste cell. Inhibition of 5-HT transporters (SET; ➄, hatched rectangle) on taste cells by our SSRI administration and the subsequent enhancement of 5-HT signaling could therefore enhance the taste of bitter and sweet substances, as we found. NA could act as either a transmitter released onto gustatory afferents in response to stimulation of presynaptic cells or a modulator of ATP action. Open circles, ATP; filled circles, 5-HT; shaded diamond, 5-HT 1A receptor with 5-HT bound; hatched rectangle, SET transporting 5-HT; trapezoid, P2Y 2/4 receptor with ATP bound.
preference tests in mice, whereas P2X 2/3 double knock-out completely inhibited taste responses. This has been interpreted as evidence that 5-HT is not involved in peripheral taste processing. The absence of taste effects in the 5-HT 3 receptor knock-out mice can be completely explained by actions of 5-HT on any one of several other possible 5-HT receptor subtypes that were still present in these animals, such as 5-HT 1A receptors (Delay et al., 1997; Herness and Chen, 1997) . Evidence is also accumulating that P2X 2 receptors interact with 5-HT 3 , GABA A , and nicotinic receptors in sensory neurons (Boue-Grabot et al., 2003 . 5-HT can act through volume transmission (Verge and Calas, 2000) in addition to its actions at conventional synapses. Multiple neurotransmitter release, in conjunction with nonsynaptic action of 5-HT [and/or NA or uncharacterized transmitters, e.g., GABA (Obata et al., 1997) ] in the taste bud, could also explain the discrepancy between our data and those of Finger et al. (2005) . Thus, ATP may be necessary for taste transmission, but its action on gustatory afferents or presynaptic cells may be modulated by corelease of other transmitters such as 5-HT, NA, or GABA (Boue-Grabot et al., 2004) .
The finding that the receptors for sweet, bitter, umami (Zhang et al., 2003) , and, most recently, sour tastants are expressed in primarily nonoverlapping taste cell populations has led to the recent proposal that taste encoding is through a "labeled-line" rather than an "across-fiber" pattern generation (A. L. . Our model is consistent with this concept. Zuker and colleagues (A. L. have suggested that activation of the "sweet" or "bitter" receptor cells, rather than taste receptor molecules per se, initiate the transfer of gustatory information to the CNS. It has previously been difficult to conceive how taste could be encoded through a labeled-line pattern, given the rapid turnover of taste cells within the taste bud (Farbman, 1980) . How can a continuously remodeling system maintain a labeled-line pattern? If modality-specific gustatory afferents express unique combinations of receptors that correlate with the transmitters released from receptor and/or presynaptic cells, as described above, afferents would always be activated if a specific combination of transmitters were released within the taste bud "signal processing units" (Roper, 2006) . In this way, taste receptor cells could specifically activate their cognate gustatory afferents through either paracrine or synaptic effects, or a combination of both (Roper, 2006) .
Taste and mood: how anxiety may affect what we eat
Surprisingly, a relationship between mood and taste has been recognized for many years; taste disturbances, or dysgeusia, are "neglected symptoms of depression" (Miller and Naylor, 1989) . Disturbances in taste have not been recognized as a true (patho-) physiological symptom, and little work has been done on the mechanisms through which taste is disturbed in affective disorders.
We found a significant positive correlation between mean trait anxiety scores and mean baseline taste thresholds for bitter and salt. This is, in part, surprising, given that salt thresholds do not alter in response to acute 5-HT or NA manipulation. Previous reports on patients with severe depression requiring hospitalization (Steiner et al., 1969) or seasonal affective disorder (Arbisi et al., 1996) , suggested that different taste modalities, including salt, could be affected by these chronic disorders. This implies that long-term modulation of neurotransmitter levels even in minor mood disturbance could affect some tastes, specifically salt, more profoundly than an acute manipulation. Our data suggest that the most anxious people have significantly higher bitter and salt taste thresholds even in the normal healthy population. Taste would therefore appear to be an interesting sensory measure with respect to mood, given our data and complementary studies showing that stress and personality type affect bitterness and sweetness ratings in healthy individuals (Dess and Edelheit, 1998) .
In conclusion, our findings show that taste, previously thought to be principally genetically determined with little dayto-day variability, can be extremely plastic and is profoundly affected by modulation of the 5-HT and/or noradrenergic systems in normal healthy individuals. Our results reinforce previously reported findings of taste disturbances in patients with affective disorders, in that taste threshold is directly related to anxiety level, again in a normal healthy population where response bias is likely to be less of a problem than in an ill population. These results support an important and basic role for 5-HT and NA in taste function and may explain why anxious and depressed individuals exhibit diminished appetite.
